Performance measurement has received substantial attention from researchers and the construction industry over the past two decades. This study sought to assess UK practitioners' awareness of the importance of the use of appropriate performance measures and its role in supporting the application of Lean Construction (LC) concepts. To enable the study to achieve its objectives, a review of a range of measurements developed to evaluate project performance including those devoted to support LC efforts was conducted. subsequently a questionnaire survey was developed and sent to 198 professionals in the UK construction industry as well as a small sample of academics with an interest in LC. Results indicated that although practitioners recognise the importance of the selection of nonfinancial performance measures, it has not been properly and widely implemented. The study identified the most common techniques used by UK construction organisations for performance measurement, and ranked a number of non-financial key performance indicators as significant. Some professed to have embraced the Last Planner System methodology as a means for performance measurement and organisational learning, while further questioning suggested otherwise. It was also suggested that substance thinking amongst professionals could be a significant hidden barrier that militates against the successful implementation of LC.
Introduction
A growing number of companies worldwide began to recognise the benefits that could be achieved from adopting the lean construction (LC) approach (Arbulu and Zabelle, 2006) . Many practitioners and academics have reported case studies where their companies were achieving some proven benefits and pockets of excellence (Alarcon et al., 2002; Swain and Mossman, 2003; Wu and Low, 2011; Andersen et al., 2012; Keiser, 2012) . However, a number of studies in countries across the globe have revealed that the application of lean principles to construction has not been successful due to a number of critical factors/barriers (Olatunji, 2008; Senaratne and Wijesiri, 2008; Abdullah et al., 2009; Mossman, 2009a) . One of these factors is the failure to use appropriate process performance measurement systems (PMS); which is crucial to support the implementation of LC (Sarhan and Fox, 2012) .
Although process performance measurements have received substantial attention from academic researchers over the past two decades, the construction industry still has a preference for measureing performance in terms of time and cost (Bowen et al., 2002; Forbes et al., 2002) . These traditional (results-based) performance preferences measured in projects, specifically costs and schedule, are not appropriate for continuous improvement because they are not effective in identifying the root-causes of quality and productivity losses (Alarcon and Serpell, 1996) . Despite this fact, there are very few, if any, studies that have sought to explore and understand the reasons why professionals and managers in the construction industry still have a tendency to measure performance in terms of time, cost and meeting code, as opposed to process performance measures (e.g. cycle time, Rework, waste). A series of ontological work by Rooke et al. (2003; strongly suggests that the overreliance of managers and professionals on objects rather than processes as the key to understanding and communicating about construction projects, presents a barrier to learning flow-based solutions. Based on a review of a range of measurements developed to evaluate project performance including those devoted to support lean construction efforts, as well as a systematic consideration to the series of work done by Rooke et al (2003; , this research carried out a survey among UK professionals to assess their awareness of the importance of the use/selection of appropriate performance measures, crucial to support the implementation of the LC approach.
Lean Thinking in Construction
Lean thinking is a philosophy based on the concepts of lean production. The first consideration of the ideas of lean production for use within construction is attributed to Koskela (1992) (Garnett et al., 1998; Mossman, 2009a) . Koskela (1992) formulated the transformation-flow-value generation model of production, known as the TFV theory of production, which could lead to improved performance when applied to construction. This seminal technical-report (Koskela, 1992) proposed the need to review construction production as a combination of conversion and flow processes to remove waste, when traditional thinking of construction was only focusing on conversion activities and ignoring flow and value considerations (Garnett et al., 1998; Senaratne and Wijesiri, 2008) . There are eight types of waste which are commonly agreed on by researchers: Transportation, Inventory, Motion, Waiting, Over-Production, Over-Processing, Defects, Skills Misuse (Terry and Smith, 2011) . Consequently, many researchers emphasised the importance of the use of appropriate performance measurement systems, which can give early warnings and identify problems before they occur, to support the successful implementation of lean construction (Lantelme and Formoso, 2000; Alarcón et al., 2001; Leong and Tilley, 2008; Sarhan and Fox, 2012) .
Performance Measurement Systems
The use of simple and well-designed performance measurement systems (PMSs) is essential for supporting the implementation of business strategies, such as the application of LC concepts within construction organisations. That is because performance measurement provides the information required for process control and makes it possible to set up challenging goals (Lantelme and Formoso, 2000; Moon et al., 2007) . Neely et al. (1996) define performance measurement as ''the process of quantifying effectiveness and efficiency of action ''. Effectiveness is the extent to which a target is achieved (e.g. client satisfaction) with resources applied (Neely et al., 1996; Cheng et al., 2009) . Efficiency is the evaluation of how economically the resources are utilised to meet client requirements (Neely et al., 1996) .
Without the use of appropriate PMSs, it becomes very difficult for organizations to understand why poor performance continues, or how improvement could be achieved (Leong and Tilley, 2008) . In addition, without PMSs managers cannot know whether they will be able to achieve their intended objectives and goals or not (Neely et al., 1996) . According to Chrysostomou (2000) ''to manage you must measure, if you don't you are only practising''; cited in Alarcón et al. (2001) . This points out that the selection of appropriate measures has a major influence on the implementation of strategies, and is essential for the development of improvement programmes (Lantelme and Formoso, 2000) .
Result-Based Indicators vs. Process-Based Indicators
Traditional performance measurement systems are based on financial measures (Lantelme and Formoso, 2000; Suwignjo et al., 2000) . These financial measures are result-oriented performance indicators, and have been strongly criticised by many researchers (Alarcón et al., 2001; Mitropoulos and Howell, 2001; Takim and Akintoye 2002; Costa et al. 2004; Moon et al., 2007; Nudurupati et al., 2007; Leong and Tilley, 2008) . That is because these parameters are backward focused (Lantelme and Formoso, 2000) . They are not measured until project is complete; and thus the information obtained arrives too late to take any corrective actions (Alarcón and Serpell, 1996; Moon et al., 2007) . As a result, these outcome based indicators cannot be used to identify barriers or problems that exist during the execution of processes. According to Alarcón et al. (2001) traditional control systems focus their attention in conversion activities and ignore flow activities; therefore nearly all non-value-adding activities become invisible.
Instead, Costa et al. (2004) recommend the use of (process-oriented) leading measures aiming to give early warnings, identify barriers and potential problems, and emphasize the need for future investigation. This recommendation is supported by Neely et al. (1996) who asserted the need to adopt formal process based approaches. It is important to use measures for tracking improvement not reporting (Terry and Smith, 2011) . Likewise, Alarcón et al. (2001) emphasise that measurement alone is not enough; it is essential to analyse these indicators with the objective to detect the problems and their root causes.
Key Performance Indicators (KPIs) in the UK
There is an industry tendency to measure performance in terms of time, cost and meeting code; but very limited consideration has been subjected to client satisfaction (Forbes et al., 2002) . In order to help organisations move towards best practice in response to the Egan's report (1998) , the UK working groups on KPIs identified a set of non-financial parameters for benchmarking projects (Takim and Akintoye, 2002; Dawood et al., 2006) . These KPIs are classified into three levels, namely, headline, operational, and diagnostic (Costa et al., 2004; Nudurupati et al., 2007) . Headline indicators provide a measure of the overall health of a firm. Operational Indicators bear on specific aspects of a firm's activities and should enable management to identify and focus on specific areas for improvement. Diagnostic Indicators provide information on why certain changes may have occurred in the headline or operational indicators and are useful in analysing areas for improvement in more detail (The KPI Working Group, 2000) .
Despite the KPI programme, there are some problems identified in the KPIs. For instance, none of the measures mentioned could identify the performance of suppliers in a project environment (Takim and Akintoye, 2002; Costa et al., 2004) . Also, there are no suggestions for performance indicators in benchmarking projects at the project selection phase, such as the analysis stage (Takim and Akintoye, 2002) . For this reason, Takim and Akintoye (2002) propose that the successful construction project performance can be divided along three orientations: procurement, process, and results oriented. A similar approach was adopted by Sikka et al. (2006) who classified KPIs into three conceptual phases of a construction project: pre-construction, construction, and post-construction; as they believe that project success criteria change with time in each phase.
The Balanced Scorecard
The balanced scorecard (BSC) is a widely accepted framework (Nudurupati et al., 2007) . It was constructed to complement measures of past performance with measures of the drivers of future performance (Nudurupati et al., 2007) . It links an organisation's strategy through a series of perspectives to KPIs (Fraser and Kelly, 2011) . According to Karanseh and Al-Dahir (2012) the BSC performance measurement model as presented by Kaplan and Norton (1992) is a business management concept that is more focussed on strategy and vision rather than control. However, it could be argued that it can be difficult and confusing to integrate between the BSC's strategic and operational level measures (Karanseh and AlDahir, 2012) .
Quantitative Models for Performance Measurement Systems (QMPMS)
QMPMSs use cognitive maps, cause and effect diagrams, tree diagrams, and the analytic hierarchy process, to quantify the effect of factors on performance (Suwignjo et al., 2000; Nudurupati et al., 2007) . There are three main steps in QMPMS: (1) identifying the factors that affect performance and their relationships; (2) structuring the factors hierarchically; (3) quantifying the effect of factors on performance (Suwignjo et al., 2000; Nudurupati et al., 2007) . The quantification process is carried out based on the results of a pair-wise comparison questionnaire among the factors (subjective technique).
This approach for quantifying the effects of factors on performance could be criticised because it is subjective, and it may be difficult to be applied in practices. One of the potential problems of this approach is that performance improvement usually involves identification of a large number of factors affecting performance. Consequently, the number of pairwise comparison questionnaire will be huge; and filling it in will be exhausting and time consuming (Suwignjo et al., 2000) .
The Last Planner System and Lean-based Process Measures
The Last Planner System (LPS) for production control (Ballard, 2000) has been implemented in construction projects with varying levels of success, to increase the reliability of planning, improve production performance, and create a predictable workflow (Hamzeh et al., 2009) . Through the LPS methodology, project teams commit to complete assigned tasks in a given week. Some LC practitioners refer to percentage plans complete (PPC) as a metric for commitment reliability. According to Forbes and Ahmed (2011) a PPC value does not measure the level of utilization of a work flow (efficiency). Instead it measures production planning effectiveness and workflow reliability. At each weekly meeting, time is given to learn and understand why certain tasks were not completed as planned in the previous week, before creating a new weekly plan to be executed. The uncompleted plans are studied and analysed to determine the barriers and root causes that affected the implementation process. The five-WHY analysis procedure could be used for identifying the root-causes of problems; and a Pareto chart could be used for ranking the barriers and reasons for noncompletion. Consequently, the information gained from the root-cause analysis would help the project teams to avoid obstacles in future work cycles, and improve the effectiveness and reliability of future work plans (Forbes and Ahmed, 2011 ).
Many researchers, over the last two decades, have published papers which included a wide range of process and lean-oriented performance measures for use within the constrction industry. For example, Alarcón et al. (2001) suggested a set of parameters that are lean based, and which could help companies to measure waste, cycle times and re-work in construction projects. Moon et al. (2007) proposed a set of process-oriented performance indicators which are derived from the TFV theory: reliability, efficiency and effectiveness. Leong and Tilley (2008) proposed a lean strategy to performance measurement, which aims to reduce waste in projects by measuring next customer needs. In general, the essence in these approaches is to create a measurement culture, within organisations, that will facilitate future implementations. More lean performance measures can also be found at Forbes and Ahmed (2011) . However, it seems that some of these initiative lean performance measures still require further development and experimentation, in order to gain wide acceptance in the construction industry.
Predominance of Results-Based Solutions in the Thinking of Professionals in Construction
Ontological work by Rooke et al. (2003; emphasised that the most successful production management solutions are flow based ones; and that adherence to substance (results based) thinking poses a significant barrier to achieving progress in the construction industry. This suggestion is strongly supported by educational psychology work by (Itza-Ortiz et al., 2003) where it was observed that students in general tend to face difficulties in absorbing process-based theories, in contrast to more simply understood substance-based ones.
An example of this in the UK is the use of bills of quantity (BoQ) based on the Civil Engineering Standard Method of Measurement (CESSM). That is because there are two problems, which could lead to price variations and delivery difficulties, that exist with CESSM based bills. First, aggregating the BoQ items into self-contained construction operations is done by client representives and may not match the way the contractor intends to do the works (Hoare and Broome, 2001 ). The second is due to the lack of transparency in the way that prices are made up as to the contractor's assumptions about profit and quality of work (Rooke et al., 2007) . In total, two methods were identified by Rooke et al. (2007) as examples of results-based thinking (CESSM and the design/construction dichotomy) while three as examples of flow-based thinking (the activity schedule, the LPS and claims planning).
Research Method
This research study aims to assess UK practitioners' understanding of the importance of the use of appropriate PMSs and its role in supporting the implementation of initiative business strategies such as lean construction. In order to achieve this aim, the following research objectives were derived:
 Conduct a literature review of a range of measurements developed to evaluate project performance including those devoted to support lean construction efforts;  Identify the most common techniques used by construction organisations for performance measurement;  Identify and rank the significant (most important) non-financial key performance indicators for construction organisations;  Identify how LPS is being used within construction organisations in terms of its areas of application;  Assess practitioners' understanding to the function of the PPC value within the LPS.
An invitation to complete a questionnaire survey was sent to 198 professional practitioners in the UK construction industry as well as a small sample of academics with an interest in LC (10 for a pilot study and 188 for the main study). Participants were selected randomly from a number of professional groups that represent most of the professional organisations involved in the UK construction industry. These groups are the Chartered Institute of Building (CIOB), Institution of Civil Engineers (ICE), Royal Institute of British Architects (RIBA), Institute of Highway Engineers (IHE), Royal Institution of Chartered Surveyors (RICS), and the Lean Construction Institution in the UK (LCI-UK). Academics formed 4% of the sample and were selected incidentally as they hold professional status and qualifications. However, their responses were not excluded from the analysis of the survey because they specialise in construction management and have wide industry experience. A total of 140 responses were received representing a response rate of 74.5% (SE=0.032). Some techniques were adopted to help the study to capture this high rate of response. These include:
 Pilot studies -Piloting is good research practice and is part of the research Plan-DoCheck-Act process (Lancaster et al., 2004) .  Both the invitation letter as well as the front cover of the questionnaire included an information sheet for the participants, which illustrated clearly what the research was about, what it involved, and ensured data protection.  Follow ups and reminders by direct contact. Each participant of the sample was contacted individually by email.
The distribution/mixture of the professionals and organisations involved in this study are shown in Tables 1 and 2 . The largest proportion of the participants was for civil engineers (34%). In addition, more than half of the respondents (63%) were from practitioners holding managerial positions and with more than 10 years of experience in the industry. 
Research Results and Analysis Techniques used by construction organisations for performance measurement
A range of measurements developed to evaluate project performance were identified from literature and introduced to a question, in order to allow the study to identify the most common techniques used by construction organisations for performance measurement. The responses revealed that result-oriented KPIs are the most common technique used amongst construction organisations for performance measurement. It was also found that many organisations still rely heavily on the experience of their managers as means for performance measurement (Figure 1 ). 
Significant Key Non-financial Performance Measures
A question was introduced to rank and identify the significant 'non-financial' key performance indicators (leading indicators) that are appropriate for continuous improvement, according to their importance to organisations. The respondents were asked to rate the given nonfinancial performance measures on a ten-point scale to indicate the level of importance (10 being the most important and 1 being the least important). A 10-point, end-defined, scale was adopted for this question based on feedback received from pilot studies because it gives more room to the respondents for a real appreciation with the 10 possibilities. According to Cummins and Gullone (2000) "A review of the literature indicates that expanding the number of choice-points beyond 5-or 7-points does not systematically damage scale reliability, yet such an increase does increase scale sensitivity".
The mean values of the given non-financial performance measures were then determined to indicate the degree of importance of these performance measures to construction organisations from the perspective of the respondents (Table 3) . If the mean value scored ''8'' or above to a particular performance measure, then it would be classified as a significant performance measure. In similar research, Cheng et al. (2001), Chan et al. (2003) , and Lam et al. (2007) Table 3 shows that the mean values of safety, client satisfaction and quality exceed the cutoff point (a score of 8), and thus are considered as the significant (most important) nonfinancial KPIs for construction organisations. A reliability test was conducted for this question and Cronbach's Alpha value was found to be 0.832; which indicates a high degree of reliability, as a value ≥ 0.7 is considered to be acceptable (Lam et al., 2007; Ab Rahman et al. 2011 ).
Areas of Application of LPS within Construction Organisations
A question was then added to identify how LPS is being used within organisations. Also, to determine whether organisations are aware of the full benefits of LPS and its importance in providing means for performance measurement and organisational learning, or if LPS is just seen by them as an activity scheduling tool. The respondents had the chance to choose more than one answer. More than half (61%) of the respondents stated that the question is 'Not Applicable', while 39% of them acknowledged that LPS is used by their organisations. . The aim of this question was to examine the respondents' awareness/understanding to the function of the PPC value when using the LPS, as a means for performance measurement. More than half of the respondents (62.5%) mentioned that the question is not applicable to them; and only 15% of all respondents were able to answer the question correctly.
Discussion
The selection of appropriate measures has a major influence on the implementation of strategies, and is essential for the continuous development of improvement programmes (Lantelme and Formoso, 2000) . That is because without the use of appropriate PMSs, it becomes very difficult for organizations to understand why poor performance continues or how improvement could be achieved (Leong and Tilley, 2008) . Based on a review of a range of measurements developed to evaluate project performance, a number of process-oriented (leading) measures were selected and provided alongside other traditional (lagging) measures; to determine the techniques used by construction organisations for performance measurement. The results revealed that professionals rely heavily on results-based KPIs as opposed to process performance measures. It was also found that many organisations still depend on the experience of their managers as a means for project performance measurement.
Despite the fact that continuous improvement requires analysis of processes and devising an internal metrics for evaluating performance, only about 35% of the respondents mentioned that their organisations use their own metrics that is consistent with their business strategy. Also, process (non-financial) performance measures and LPS, which are recommended by researchers for providing means to support the successful implementation of LC, were selected by just 27% and 16% of all respondents respectively. However, when the respondents were asked to give a score out of ten (10 being the most important and 1 being the least important) to some non-financial performance measures, the mean values of three measures namely: safety, client satisfaction and quality obtained a score above 8 (most significant); and the lowest score obtained amongst all other performance measures was 7.6. These results indicated that although construction practitioners recognise the importance of the use of process and non-financial performance measures, it has not been properly and widely implemented in the construction industry. Most managers still make decisions just based on their experience and common sense, and on a few traditional financial measures which are no longer suitable in the existing competitive environment. These two approaches, in particular, are no longer appropriate for continuous improvement, and have been strongly criticised by many researchers.
The Last Planner System (LPS) is a production planning and control system based on lean production principles, which is developed to improve planning reliability and project performance (Gonzalez et al., 2010) . It introduces the next customer into the equation through continuous and collaborative planning (Johansen and Walter, 2007; Mossman, 2009b) . Through the LPS methodology, project teams commit to complete assigned tasks in a given week using functions such as: 'Look-Ahead Plan' to plan what can be done when constraints are removed, and the Percent Planned Complete (PPC) which monitors the Look-ahead Plan and requires reasons for delays which are analysed in terms of root causes (Ansell et al., 2007) . Some LC practitioners refer to percentage plans complete (PPC) as a metric for commitment reliability. From results obtained, it appeared that LPS is not widely used among construction organisations. Less than half of the respondents (39%) acknowledged that LPS is being used within their organisations; and the majority of these respondents were not aware of the full benefits of LPS and its importance in providing means for performance measurement and organisational learning. Instead, it is mainly employed by their organisations just as an activity scheduling tool. These results are consistent with the findings of Common et al. (2000) .
In general there seemed to be inconsistencies in the answers of the respondents regarding how LPS is employed within their organisations, especially when it comes to its application as a means/tool for performance measurement and organisational learning (See Figures 1  and 2 ). Furthermore, it was found that a minority of all respondents (only 15%) were aware of what the PPC ratio actually measures. This contradiction suggests that there is a considerable lack of awareness of the application of LPS and its role, in terms of creating conditions for decentralised control and providing a learning process at operational level (Lantelme and Formoso, 2000) .
Ontological work by Rooke et al. (2003; emphasised that the most successful production management solutions are flow based ones; and that adherence to substance (results based) thinking poses a significant barrier to achieving progress in the construction industry. Thus, it could be argued here that if the overreliance of the respondents/practitioners on using results based KPIs would be classified as an example of substance (object) thinking as opposed to process performance measures -e.g. of process thinking, then accordingly it is suggested that substance thinking amongst professionals acts as a significant hidden barrier that mitigates against the successful implementation of LC. The term hidden is used by the authors to describe this sort of barrier because it has not yet been empirically demonstrated in construction research. However, this suggestion is strongly supported by a series of ontological work conducted by Rooke et al. (2003; ; and is linked to educational psychology work by (Itza-Ortiz et al., 2003) where it was observed that students in general tend to face difficulties in absorbing process-based theories, in contrast to more simply understood substance-based ones. Academic researchers are highly recommended to explore the root causes of this problem (adherence of practitioners to results-based solutions). One way to address this issue could possibly be achieved through investigating the role that psychology can play in the educational framework, in terms of facilitating the learning process of flow based concepts and solutions amongst students, within the construction and built environment.
Conclusions and Recommendations
Lean construction efforts could prove to be highly rewarding for the construction industry, and could possibly lead the UK construction industry's quest to improve quality, efficiency and customer satisfaction. Several studies emphasised that the selection of appropriate measures has a major influence on the implementation and development of initiative business strategies (i.e. lean construction). Results of this study revealed that professionals rely heavily on results-based Key Performance Indicators (KPIs) as opposed to process performance measures. It was also found that many organisations still depend on the experience of their managers as a means for project performance measurement. These two approaches are not suitable for supporting the application of LC concepts and have been criticised by many researchers because they are no longer appropriate for continuous improvement.
Although, construction practitioners recognise the importance of the use of process and nonfinancial performance measures, it has not been properly and widely implemented in the UK construction industry. However, three non-financial KPIs were determined by respondents as highly important for construction organisations, namely: safety, client satisfaction and quality respectively. Hence it is important to link academic efforts with industry needs; therefore researchers are encouraged to focus their efforts on developing these three non-financial KPIs identified by the study so they can be applied by organisations and their supply-chain throughout all stages of construction projects.
The study indicated that there is a limited application of Last Planner System (LPS) among UK construction organisations. Some of the respondents professed to have embraced the LPS methodology as a means for performance measurement and organisational learning; while further questioning suggested that there is a considerable lack of awareness of the application of LPS and its role, in terms of creating conditions for continuous improvement and providing a learning process at operational level.
There are very few, if any, studies that have sought to explore and understand the underlying causes of why professionals in the construction industry adhere to results-based solutions, as opposed to flow-based ones. This study identified the overreliance of the practitioners on using results-based KPIs as an example of substance (object) thinking as opposed to process performance measures -e.g. of process thinking. Accordingly, it is suggested that substance thinking amongst professionals could be considered a significant hidden barrier that militates against the successful implementation of LC. This suggestion is linked to the series of ontological work by Rooke et al. (2003; and supported by educational psychology work by Itza-Ortiz et al. (2003) . However, further investigation and experiential research is recommended to validate this suggestion.
